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Abstract 



A liquid crystal display device, includes: a first substrate, a second substrate, a liquid crystal 
layer interposed therebetween, and a plurality of pixel regions defined by a pair of 
electrodes for applying a voltage to the liquid crystal layer. Each of the plurality of pixel 
regions includes a reflection region and a transmission region, and the liquid crystal layer is 
made of a liquid crystal material having positive dielectric anisotropy. A first polarizing 
element is provided on the first substrate opposite to the liquid crystal layer; a second 
polarizing element is provided on the second substrate opposite to the liquid crystal layer; a 
first phase difference compensator is provided between the first polarizing element and the 
liquid crystal layer; and a second phase difference compensator is provided between the 
second polarizing element and the liquid crystal layer. A twist angle thetat of the liquid 
crystal layer is in a range of 0 to 90 . Retardation Rd and the twist angle thetat in a visible 
light region of the liquid crystal layer in the reflection region are in ranges within curves 
respectively represented by the following Formulae (1) and (2), and Formulae (3) and (4), in 
ranges within curves respectively represented by the following Formulae (5) and (6) and 
Formulae (7) and (8) at the twist angle thetat in a range of 0 <=thetat<=54.3 , and in ranges 
within curves respectively represented by prescribed Formulae 
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ftfill 1 4 0 O U * r-S/ a >tt 0 6 ^Mo 

as^?) * s SffiSffi^bT* 5 P*iRi^BfiiRi'rs?ss 

[0 0 4 1] d©|ffljB*»ft"J-S*:»t:tt^ S««**l 
2 0Rfcwm l/4^*ffiCD*^^U^7 ; — > 

1 4 OtZaOV^^— S/3>*s«^bT^SS'&s 1/ 
4«StEl 7 0 b©j!fflffi4«ilJ! 1 4 OcZ)^^^?! 
fflttO^fiJlc^ff— 1/4^^1 7 0 bCD^f: 
¥«fty^r->3>* (A/4-a) fctsci:-^ 
SEE.&AlttlcakIM 14 0 ^^-^>3 > 

l:«f*T, *B*;i^»-Cl/4««jfefl i *atS-eSS 
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£5 Kir*. tik<DjjmtlsT. l/4iSlil70bO 
2ffiNl&tt&JI 1 4 0©^jaW^ilfflW©^lR]^ilSS* 
■S\ 1 / 4«fifi 1 7 0 bO*?«6 ^t-^> a >S 
(A/4 + a) £T2>Z£X\ S£EI5iOB§tC«IlJI 1 4 
0 t85*?W V * r-S/ a t U 1/4 

«*sw* itm&r- s s j: 3 ic-r « ^ k s *. 

[0 0 4 2] -afflfiaSil 2 OTfclBl/Ttts K»««l 
2 0 R©«J5R*±a©*fc»eb*:« N S&fftt 1 2 0 
T * 6 ffllf * tlSfll ^©llttfc b < fcfc*S*fi£ 1 /4 

[0 0 4 3] Sfctt, j8H«ai 2 0 TtI*5UT, /?© 
y*^— ^g>#^UT^4»^ 1/4«S«18 

o SLtDmmm^mmm 1 4 ocD^ssw^aifflifi^^fRiic 

RHMRS-fr* l/4$lS18 0aO^?W^r 

— >a>* (a/4- (/?-a) ) ^-raci:T% mm 

HJJiDRpfc:*SJl 1 4 0ta5*¥«y*T—>3>i:fif 

t±, l/4«g«l 8 Oa©«ffltt*«IiJil 4 0<D^ 
5aW^31*Slfi©^fqIkil3S^^x l/4$ltEl 8 0 a 
.©*»Wfty*5*— ^>3>£ (A/4 + (/3-a) ) £ 

Rd = -0. 0 0 4 3- 0*2-0. 

Rd = -0. 0 0 8 9- 0* 2 + O. 

Rd = -0. 0 0 15- 0* 2 -O. 

Rd = -0. 0 0 6 4- 0*2-0. 

Rd = -0. 0 17 8- 0* 2 + O. 

Rd = -0. 0 4 0 5 -0*2 + 0. 

Rd = 0. 0347 - 0* 2 -O. 4 

Rd = 0. 0 0 9 8 • 0* 2 -O. 1 

*#, 0° ^0*^9 0 b CD«SH^i3V>T. SI 6 <0)\v*f~ 

Rd = -0. 0 0 4 3- 0*2-0. 
R d = - 0. 0 0 5 8 -0*2-0. 
Rd = -0. 0 2 4 8 - 0*2 + 0. 
Rd = 0. 0 18 1- 0*2-0. 6 

©y>f * hfc0 t #O p ^0*^5 4. 3° <D36B£:fe^ 
t,S(7) (8) 7?S£*iaffl«T?SH£*i 

*b*§0*#5 4. 3° < 0*^9 0° cDfEBWsUTs 
(5) k5£ (8) kTS£ftatt«TSB£*xa»SB 

Stoy-f* b^0*#O° H±9 0 § J6JlT©KHfcav^ 
T^r-^3>Rd^ (11) « (12) kT'SI 



[0044] «c % *mftW(D5mm®mmmmmmm 

f^il OOfciSWC. 1 7 0WIF1 

8 0 4si/4«fi«tfftSi:*©s 
^bftfltfcy*f-S/3>i:©B»t, £fttt«12 
0RI:o^tH5, 23SffiBtiU 2 0 Tl:oMtS6^ 

10 "3~o 

[0 0 4 5]£JHI«Coi\tH: % y-f* h^flt* 

0° S0*^9O° CDgEBfc^T. B5©y\^f>^ 

5<0^\!y^>^CD«aiiv y^5*— ^>3>Rd (Rd = 
An • d ;^g®©SJB5f*Anv *Jx*tLO*«K:* 
(**ttM0ff»d) 5* (1) ksS (2), 3C 

(3) kit (4) k**l-eftS**USffl»TSB#ftS 
jgffl, 0° ^0*^5 4. 3° CD«Hfc*V^Ts 

(5) (6) :BJ:raS; (7) kit (8) 

20 ftaSftSfitt-CSBStlSISHN *W5 4, 3° < 
0 t ^9O° <E>iSB«3UT, 5£ (5) k5£ (8) -£» 



(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

. ^?->3>Rd 



0 6 5- 0*+ 1 0 1 1. 8 

1 3 7 9- 0*+ 9 1 4.6 8 

1 6 1 2- 0*+7 3 7.2 9 
0 0 4 3- 0*+ 6 4 0.6 5 
2219-0* + 4 5 8. 92 
4 0 4 5 • 0* + 3 6 4.0 5 
161 • 0* + 1 8 6 . 53 
9 1 2- 0*+ 8 9.8 7 3 

v. sc (9) ta(io)sadi) ^ (12) t 

0 6 5- 0*+ 9 9 5.6 6 (9) 

02 0 2- 0t+ 6 6 5.8 (1 0) 
630 7-0* + 439. 58 (1 1) 
662-0* +109. 51 (12) 

40 ^««) W^^W^ «£EB3inRffc. BLMW& 

t538ffl«a«c|Rl^«flE*9iJp-rtt«. P^Jlff&MSI 

[0 0 4 7] ^n^-f^fi^tttlt^U^r 

B7*ilFH8l:St. 5fe©0 5*5<t^EI6tts H7* 
£TW2 8 £*^T N ^*l^nstt4*# 7 0 XfiLh* £1/ 

so [ o o 4 8 1 * ±Bo>*fm^ aa^**»-ra 
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Tt£t>*>» 0 7. 0 8fc:fctt3<Ky*5*— ^3>fl!l 

u aa^ina-rsawiibT^ 07*5*^0 sic* 

£tt*9 OXJBLL 
Rd = -0. 0 0 4 3 
Rd = -0. 0 0 74 
Rd--0. 0 0 4 3 
Rd = -0. 
Rd = -0. 
Rd = - 0. 



[0 0 4 9] WttfcbT* Eftt*#9 0 56fil±kftStt 
1 (19) s iS31¥# 5 0 XJU±0)«nt (B10),a 
3ffl2|s# 7 0 XW±©«« (HID 9 0 XJtt± 

©«« (si2) jpff&ti*. *wno***ast 



0 0 6 1 
0 19 2 
0 3 4 7 



0 6 5 • 0i + 9 8 7.5 7 
049 -0i + 938. 59 
0 2 8 2- 0i + 7 12.36 
0 5 6 4- 0i+6 6 2.9 4 
17 2 1- 0i + 4 3 5.6 8 
5 0 8 5 - 0i + 3 8 7, 
5 8 9 • 0i + 1 6 2 , 



0i 2 - 0. 
0 t 2+ 0. 
0i 2 +O. 
0i 2 + 0. 
0i 2 + 0. 

0t:2 + O. 5 0 8 5 - 0i + 3 8 7.1 6 
Rd=0. 02 17- ^t 2 -0. 1 5 89 • 0t +162. 09 
5t (1 8) fcSC (1 9) a>XAtt3>'f ;*bft0t6 9. 5° 
Rd=0. 0 167-flt 2 -0. 4884* 0i + 115. 56 
SB* 5 0 %&L± 

Rd = -0. OO46-0i 2 -O. 0 9 13-01+9 5 9. 6 9 
Rd = -0. OO37-0i 2 -O. 0 7 6-01+6 9 2. 6 5 
Rd = -0. O3O8-0i 2 +O. 5 9 7 1-01 + 40 7. 2 
Rd=0. 0 2 4 6-01:2-0. 7 0 7 9-01+ 1 4 8. 65 
S; (23) (2 4) CDSEjflltt^>f * Yftd* 8 1. 0° 
S3S^7 0%^± 

Rd = -0. OO74-0i 2 + O. 0 4 9-01+9 2 2. 4 1 
Rd = -0. OO43-0 t 2 + O. O 2 8 2-0t+7 2 8. 5 4 
Rd = -0. O419-0 t 2 + O. 5 4 6 1-01+3 7 1. 27 
Rd=0. O 3 4 7-0t:2-O. 5 0 8 5-01+ 1 7 9. 14 

S; (2 7) hst (2 8) (D&stttzyjxvne** 7.5° 
sai^ 9 o %&± 

Rd = -0. O127-0i 2 + O. 1931-0^+8 7 7. 6 9 
Rd=0. 0 0 4 8-01:2-0. 4 5 2 7-01+ 7 7 9. 3 4 
Rd = -0. O8O9-0i 2 + O. 8 0 9-01+3 2 3. 6 
Rd=0. O4O4-0i 2 -O. 4 04 5-01+2 2 6. 5 2 
5t (3 1) fc5t (3 2) ©3&£te^*b£l0i3 4. 0° 



(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(1.9) 

(20) 

(21) 
(22) 
(23) 
(24) 



(2 5) 
(2 6) 
(2 7) 
(2 8) 



(2 9) 
(30) 
(3 1) 
(3 2) 
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HI 0. 01 1*5£^01 2©^;w> 

[0 0 5 0] ±SBOBttWT?tt^>f ^ bElRlfc-D^TKW 

>ltm 5*5^0 6 £:}3V>T V-f * b^ 0i#O° £>i§ 

0i#O° ©7k¥ElSifclRl«©«fttfc:*Sc 
[0 0 5 1] «M 140 Ottll&fth bTs JBSf^S 



50 



[0 0 5 2] 01^ b&ttBS^K* 100 
T\ aBSffittl 2 0T 1 4 0 GHz;i/-¥* * 7d 

t =m 5 . 50 //m, mmm& 1 2 0 R<£>*gnji 140 

0Wt^7dr =#J3 . 0/znu ^V^^b^l0t = 
0° , ASA 1 4 0OJB*f*S*ttAn= 0. 0 6^f 

Wtt*Hl 3fc»f. 
[0 0 5 3] 0 1 3 (is ffiSfcStf bT ©SitAStSffig 

a = 3 0nmgJKoS«y *^--$/3 VtfftSfcfcx ffi 
ffllSMWJfr?! 7 0b©'J*f-S/3>* 1 1 Onmh 
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u tiLmmmmm? i 7 o h<Dmmm*mmm ho© 
wank-***, z<ommm^n\,x4s° mmzv 

o a.(Dmmmt.m^i 7 2©<i7tefft£i£Sbfco &*g 

^W&m?! 8 Oa©^r->3>(il 4 Onmk 

fco 10 

[0054] 01 4£, »6*ufcSlt2SifliBSSS*SS 

St*i:ig5B« ENS***-. MM 1 4 0l3ftJE£EpSn 
bT^£^fig^k N SEE 5 VfflfloKf£>IW§75fc33t^ 
Ts 4 0 0 nm>^^> 7 0 0 nm©$g®^tt*^3 

[0 0 5 5] ftot, Hffl©^HgV^^tt^^^^5-f 20 

2 o T*»M-r3*fc**JEbTS 
^•^cau 1 2 o R-e©sw^**iffl i/ta 

^-vcom^^ocDx, ^©bbwmh&fkbt 

[0 0 5 6] fct, ltt©^*;i/TJfflH©##Hi^» 

[0 0 5 7] t»oaiaMI98IJ:9 6 

©##Eh^ 6 ixtt ^ k 0oft*ftflB 

[0 0 5 8] £^kI*3E^©«^£^Tl»^ 

^««^»«««©^fflffi£s-e©*^— 
[0059] ssjSBiiSctvaaaj-eKit^^jivjaa* 

©WJ3DmBE«c#tt (W3*>*r*5tt) #«ffW?-C»S 
©i^ll b^<> 

[0 0 6 0] R«*ttl2 0R©ttiWil4 0© 

t;^t^7*dr=]B3. 0//m, iftilJI©y>f * b£ 
^t=0° , ftSJIl 4 0OJB*f*H*ttAn=0. 0 

6 ^T^mcomm^m^^irm^Bun^m^tim so 
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^CD. fijWW12 0RC*trsi/4«ft«l 7 0b 
(04) ©U^t*— *>a>Rd»K«*OM«*iai 5 
(a) iScfctf (b) tC^-Tc 015 (a) ttl/4«« 
« 1 7 0 b©»ffl«I**ilJl 1 4 0 ©«««£# UT¥ 
frft;frfafcttf**:»&, isAV* 015 (b) ttl/4 
» jttt 17 0b ©7l*g$fi£*&ii/I 1 4 0 ©ii««fc:*tL, 

Ta«ai»iqit»»fc«$©e**^-r« a*. **» 

«\ #£#r*««fi* $ S:*i:£* 5 5 0 nmOMi: 

[0 0 6 1] 7'J-^7^ b©*SS5^Bfc::j3M 
Tn «EEOFFI*Tf©W**tta»BWaK«*tS*lyT 
*$5 0 %J^±TfeS^k^$?^bV^k^nTV^€)o 
T, 015 (a) *5«ttf (b) Stt«£*S^t£l 

7 ObC^r- S^3>Rdl£3 0 nm^±2 5 0 nm 

[0 0 6 2] Ciffliit6©iifflW* J:t5«Sffl©51ffllft© 

*tr— * (ioo%) kufe. ±fcoai©ffl»t«ft* 

*l©»5£ifiK (0<V^9 0) fcoV^fiqtU ffiSH 

fpj) t^>7htSo fit^ V *r-^> a >OTRlltt¥ 
frfcffiSl/fcRJI! (V=0) T-*fe£*K SS&U^r- 
*>s:/©±|Rffltt»fifcBBb&ttJB (V=9 0) T?* 

1 5 (a) *5<fcTFI21 5 (b) 

[0 0 6 3] ffifflii«©y ^a>#3 

0 nmei±2 5 0 nm£TF©«5Ht?&*x«* teffl^tk© 

a»«ik*««©**»k*aaaA*K:iji9Ersii: 

££k, ffilB«S©y*r-S/3>#3 OnmttTx & 
fitfg^ffi© 1 ; *:r-^3>#2 5 0nmW±t 

»tui. aa«ft«v*jf©j:«5K:«KbT*A»aaa 

[0 0 6 4]!^ =r>^*bi££ft±£i*S*:#> 

^fettttffliesiiaH-acik^JffSu^©^ 1/ 

2 tiLMffi. 17 0 a*±ai©ffiffiMffi 17 0b kffl3t« 1 
7 2 k©IH£Jf A-T^o EMffl&l 2 ORtiltS 1/ 
2$£g*£l 7 0 a©^f-y3>Rd^>b7^ h 
J:b©iMil5 (c) \Z7Ts-fo 3>h^^hJt«. * 
^#3 8 0nmfr£ 7 8 0nmi:ov>tM4ffV\ * 
©IB*t««JKffl»**»»to*adk^cfcoTa«« 
^#^gbs 015 (c) ©jB»*»&. 

[0 0 6 5] «Btt*#ift-rtL«. SMSttBS^SB 
kbTiis :3>b5*>Jti;i;*5l om±T-$>Sc:k^» 

SUV^k^ti^o ^t, 01 5 (c) frbs l/2« 
fifil7 0a©y*r^>3>Rdli, 2 2 0nm«± 

3 3 OnxnttTCKH^fcSdk^^bV^ii^to* 
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[0066] mamm 1 2 0 Rom^±m<D^o izm 

M^ei 2 4 0CD-b;i/^-v^7"dt 

5. 5//m, «HJS©^-f * hM0z=O° , &I1J11 

4 0©S«r*»j&ttAn = 0.06 

*3&e*^**wm*fl!^&»d©* i/4«««i 

80a (04) O^f- S/3>Rd^3>h5^hJt 
ffllH^£Hl 6 (a) IZtfT. %4b\ HI 6 (a) izm 

[0067] *Btt*%*-r*m. aBBMUtaMMi 
tim =i>h^7. htt&mi 0 ojii.±T-fesci:Ai 

£?£bWtiE^T, HI 6 (a) titflliffil 8 0 

a©'J^T-i/3>lil 2 0nmfil±l 5 OnmJilTlc 

[00 6 8] jSia««sl 2 OT^WT^CziVh^ 
^ hJ±*[Rl±^*5fett)K:ii, 1/4 8**51 8 O ai; 
mffl&l 8 2 ^©HS (1/48*K1 8 0 afr&lBM* 

nfcifi«a(H3te©(B3fciai:iijttE 1 8 2 ©soffit ©RB) 20 
&mmmv> 1 / 2 8*ts 1 8 0 b xts c t& 

#ibu. l/2iftfifil8 0bffl^f->3>Rd 
«3>h7^bJtOSM^tB16 (b) =i> 

b^^btt^i 0 ojei±*«9fc-r«tat:, 1/28* 

ffi 1 8 0 bffl'J^r-y3>* 2 4 0nm«±3 1 On 

[0 0 6 9] iMbfcidiC, ««^©^-f^b#l*» 
0° fa&tllfv t^fflm*3£*)l>B.cr>mg&1b^X%)y : 

ttfflrt?* ±IB©J:d^^SfflU^7 t -^3>i5<tTj?, 
4«3I©tfcfB2i;Kl 7 0 a, 17 0b, 1 8 0 a.tii.XJf: 

i8 0bo>j^r-i/3> *K€rna.- mmmmmm 

*<0«w«fttK:»^-r*«56IBttJ4x W®m$Ll 7 0 
b, 17 0a, 18 0a, 1 8 0 bT*& ?) , {fiffiMtS 1 
7 0b#«*»S»36!«j«fifr-e**. ±sB^5fe»M{S^^> 
^5J;oC. EW^->-tft»t-S^©afe#*ffi5tfl<) 
{-?T?3i:#$?£b^<, 40 
[0 0 7 0] 

[urn©**] ±ja>bfc<fcot:, sut^E- H*5<fcrj®a 

mm bfclB^-fclHKrtMUa^f Rligiifc !3 ifS^#fS bT 
*a>>7^ h©i^^#prf&h&S. Sfc, 5UDm 



18 

*m&izffimEE'vm8b-r2>ziiifi-5jmt-&z>. z\cotz 
&>, fflm<Dmm.izm&$ii2> ^tu< m—amm-c s 

[0®©fS*^lfiB^] 

[E i a] mmm 1 c^itssataamiMSttns^ 

^El 0 0©g|5«-»fMllT-&5o 

[HI B] ttA&p&II 1 0 0O7^f^77h'J^ 
M7 0©±MHT-J&S. 

[02] SSf««l 2-0RTfejS^*ffofc»^-©«Ji 
T- ©7fcffl{i7fct£<i£ ^ fe S o 

[03] EStfcSSl 2 0RT-JiS^£*fo &:©£-©#;■ 
T- ©3fe©<l3tttSS4 J^f IT & 3 . 

[04] 2 0 TT«S**ff-a;fc»*CD»Ji-e 

®^©fi*ttSiS:^-ri2lr- & -5 . 

[HS]filrtW12 0Rt-3V\T, «1114 0©y 
-f^hAi:y^9*-^a>fcOB« 7 0 XJiU: 

©^) 4fvt@T$3„ 

[0 6 ] j&iiSJsS 1 2 0 T Covvt, 14 0 ©y 

[17] ^©yW* hSt^fcttSy ^3>©S 
[El 8] l^Cf-f ^ f^l:*»5 'J >t-^3 >®s 

mmztt-tz&w*^-r-7^7T'&2><, 

[El 9] KttfcBSU 2 ORtonts &HJ114 0©^ 
-f*bfcfcy*5*— S'ai'fcOHfll (Slt^9 0%Jii 

[Ell 0] ^M^l 2 0 Tfcov^, $1114 0© 

JM±©«SD *^"TElT*fe5o 
[Ell 1] SSSSSCaU 2 0Tt-^V^T, Mill 4 0© 
y-f^ Yft£V*7 : -i'3>t.<Dm&k (3®3©^7 0% 

Jii±©«^) *^-TEir-afeSo 

[Ell 2] 2 0 TC^Ts MIS 1 4 0© 

V-f^bftky^T*— ^3^fcfflB«R (3S®^9 0% 
Ul±©«St) £^-TEIT-$>S. 

[Ell 3] %H^fll(DttaS^*<Z>SiCAWSiSS^ 

[eh 4] i«fi7^jSffl$iia^e©as^*5«fcrjcMa 

[Ell 5] (a) *J<fcrjt (b) tt N S««J«fc*»Sl 
1 7 ObC'J^-^s^RdfcfS&t^©^ 
S$?t^7ffe >3 , ( c ) (4, KH«*K:*iW-a 1 
/28*tSl 7 0a©U^7 ; -S>3>Rd*fzi> (-7^ 

h tt<D mm*m? #5 7 x- % z . 

[Ell 6] (a) it, aa««fc4»W-«l/4Jftft«l 
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